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Description 

Technical Field 

[0001] The present invention relates to steel pipes.for oiJ,country : tubular goods. used in crude oil wells and natural 
gas wells. In particular, the present invention relates to an improvement of corrosion resistance lo extremely severe, 
corrosive environment in which .carbon dioxide gas (COo), chloride ions (CI - ), and the like are.presenL .. : „ . , 



■ r ■ i < ^> i i ■ • 't 



Background Art 

P00021 Deep oil wells, 5 which have. 1 not conventionally been regarded at all, and corrosive sour gas wells, the devel- 
opment of which was abandoned "for a' time, have recently been developed increasingly^ a world scale in, order, to 
cope with increase of crude oil price and anticipated oil resource depletion in the near future. These oil wells and gas 
wells generally he at great depths^in a severe, corrosive environment of a htgh-temperature atmosphere containing 
15 corrosive sub'stances'Vsuc steel pipes for oil country tubular goods used for digging such 

an oil or gas well have-to be highly strong and corrosion-resistant- - - - - 

[00C3] In general, highly COg'corrdsion-resisfant 1 3%-Cr martensitic stainless^steel pipes-are:used in oir wells and 
gas wells whose aimbspheresxVntam^^ dr the like. Hbwe^errcohventional'm 

wear in environments ¥£higtt^ than 100°C containing a large amoiMof CI-. Accordingly, two- 

20 phase stainless steel pipes are-usedin oil" wellsTequiring corrosion resistance. Unfortunately, the two-phase stainless 
steel pipes contaihMarge^mourits'of alToyfng elements to reduce the hot workability?' Consequently} they must be man- 
ufactured only b'fspecial-hfeaf treaWent : 8ue^tbitheir reduced hot woricabilityraha^esides, theyafe'disadvantageously 
expensive. Accordingly, an inexpensive 1 3%-Cr martensitic stainless steer-base^-pipeUor r diPcotintry tubular goods 
having a superior < hot^drkabilify and GGJcorrosion resistance has been strongly desired. On the other hand, oil well 

25 development in cb Id "districts h'as r recently, becdme^active, and, accordingly, superior toughness* af ! low temperatures is 
often required in addition to fiigR'stren9th?J««"ii:Kftff ? rCO~0Gr ,qv?5©T 

[0004] To these demands, Hmproved 'martensitic stainless steels (or steel pipes) based on a 13%-Cr martensitic 
stainless steel (or steel pipe), having an enhanced corrosion resistance have been proposed in, for example?Japanese 
Unexamined Patent Application Publication Nos. 8-1 20345? 9-268349, ; "and r ^ CF-'1 755* and. tiap'ahese~Bateht Nos. 

30 2814528 and 3251648. * t! M * ~0Q-GGr atfaoT.u^sbovjrfc) 

[0005]__Japanese.Unexamined.Patent Application.Publication No. B=120345.has disclosed.a method.for manufactur- 
ing a;seamless martensjtL^^ cgirosioh^resjstan^ a 
13%-Cr martensitic stainless steel pipe, the C content is limited to the range of 0.005% to 0.05%, 2.4% to 6% of Ni 
and 0.2%,lo 4% of.Cu are added in combination, and 0.5% to,3% of Mo. is further. added., Furthermore, NL a is set at 

35 10.5 orjjiore. .This steel materialJs subjected to. hot-working, subsequently cooled at.air-cooling speed.or, more, and 
then tempered. Alternatively, after. being cooled, the. steel material is-further heated to, a temperature between. A C3 
transformation point +,,1p?C and Ara .transformation point + 200PC,-or a temperature between Ani transfonnation point 
and Aca transformation. point, subsequently cooledjo^room temperature at air-cooling speed or more, and then tem- 
pered. According-to.this method,-a seamless. martensitic stainless steel pipeJs achieved which,has a high y strength of 

40 the grade API;C95 or grater, corrosion resistance in environments at 180°C ormore.containing.COo, and.SCC/esist- 

ance. i toe!a ^*\ nim jnitlu " s^J 3U/1T ,3sr*u Dc^-v'^j ,V*"0»>rfjc ar <O0 A - '0^0 + 01^3 0 
[00061. . Japanese,Unexamined Patent Application Publication-No. 9-268349, has disclosed a method for man ufactur- 

ing a martensitic.stainless steel.having a superior stress-corrosion cracking. resistance to. sulfides. In this,method, a 

steel composition of a A3%-Cr martensitic stainless steel contains 0.005% to 0.05%^ofC, ,0.005% to 0.1% of N, 3.0% 

^5 to 6.0% of Ni, 0.5% to 3% of Cu, and 0.5%,to 3% of Mo. After hoty^orking and being, left to, cool.down to room temperature, 
this steel material is heated to a temperature between (A C1 points. I0°C) ahd^Acn point+.40°C) for,30,to 60 f minutes, 
then cooled to a temperature of Ms point or less, and tempered at a temperature. of A™, point orJess. Jhus. the resulting 
steel has a structure in which tempered martensite and 20 percent by volume or more of y phase are mixed. According 
to this method, the sulfide stress-corrosion cracking resistance is remarkably enhanced by forming a martensitic struc- 

50 ture containing 20 percent by volume or more of y phase. 

[0007] Japanese Unexamined Patent Application Publication No. 1 0-1755 has disclosed a martensitic stainless steel 
containing 1 0% to 15% of Cr, having a superior corrosion resistance and sulfide stress-corrosion cracking resistance. 
This martensitic stainless steel has a composition in which the Cr content is set at 1 0% to 15%; the C content is limited 
to the range of 0.005% to 0.05%; 4.0% or more of Ni and 0.5% to 3% of Cu are added in combination; and 1 .0% to 

55 3.0% of Mo is further added. Furthermore, Ni^ of the composition is set at -1 0 or more. The structure of the martensitic Pi 
stainless steel contains a tempered martensitic phase, a martensitic phase, and a residual austenitic phase. The total 
percentage of the tempered martensitic phase and the martensitic phase is set in the range of 60% to 90%. According ; 
to this disclosure, corrosion resistance and sulfide stress-corrosion cracking resistance in environments where wet 
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carbon dioxide gas orwet ftydrogen sulfide'is 'present are enhanced.' w --v i •> o. i !'-*on uour;^ -Vv.r r. 
[0008] "'Japanese; Patent .No. 281 4528^relates to an oil well maitensitic stainless "steel product having- a superior 
sulfide stress-corrosion cracking resistance .^Th is steel product has:a steel composition containing more than-1 5% and 
1 9% or less of Gr, 0;05°/o bMess df-C. 0/1 % orless of N ; 3.5% to 8:0% of Ni, 'and 0j-1 % to 4;0%of Mo v and simultaneously 
satisfying the relationships: 30Cr + 36Mo + USi - 28Ni < 455 (%); and 21 Cr + 25Mo + 1 7Si 4- 35Ni < 731 (%). According 
lo'lhis disclosure, the resulling sleel product exhibits a superior corrosion resistance in severe environments in oil wells 
w f here chloride tons, carbon dioxide gas^ and^a small amount.^ hydrogen sulfide gas are presenL. ^ 
[0009] Japanese Patent No. 3251 648 "relates to a precipitation hardening rhartensitic stainless steel having superior 
strength and toughness. This martensitic stainless steel has a steel composition containing 1 0.0% to 1 7% of Cr, 0.08% 
orjess of C, 0.015% or less of N, 6.0% to/l„0..0% of NL 0.5% to 2.0%^of Cu, and 0.5% to 3.0% of Mo. The structure of 
the steel is formed by 35% or more cold working and annealing and it has a mean crystal grain size of 25 um or less 
and precipitates with a particle size of 5 x 10' 2 jj.m or more in the matrix. The number of the precipitates is limited to 
6 x 10 s per square millimeter or'lessYAccording: to this disclosures high-strength precipitation Karderiing l martensitic 
stain less' steel in^which'toTughness degradation 'does not occur can- be^achieved by fomling-aistructure containing fine 
15 crystal -grains ahdless^ precipitation^ itf »o -v <v <• * - f. larm;** ;,ipM ?b ^niftinoonjr*;^^ notfscofTOO 
'v:-M-\\-i 8: v :f''-t :t.\c,o •oH-JL" r\ ' ' ' ' r ". i ~w -.<YcM*u us r> grnitJlofiiLnfc;*! -o> bonteir. A ..y: 

Disclosure Of Invention *ru«oo.D 0°00r^ ■« '!< t'. .> , -vr ni srnjjS'Hofns: s c2 i :nijB3».- ^buiort-' ghidcns*«p 

• * • 

[00T0p "However; improved. 1 3%' : Cr martensitic stainless steerpipes^manufactured by 'the techniques-tof Japanese 
20 Unexamined:<"Pateht ^Application "Publicatioh3'Nos.»"8-1 20345^ 9-268349 T an M 0-1 755 riand."dapanese "Patent? Nos. 
2814528 and 3251 648 do not stably exhibitdesired corrosiohYesistarice in'severe; corrosive environments T at terriper- 
aturesWmore^than^l^ ioota ^asinlR.'a s :;r hutofitunsrp iot bcritem A (rr) 

[001 1 ] In view of the circumstances otthe known arts stated abovef the present* inVention~has^b'een?aehiev^d.-The 
object of the present invention is : toiprovide, an inexpensive, * corrosion -resistant stain I ess'steel pipe fop oil country 
25 tubular goods, preferably a high-strength stainless steel pipe fdr^oil'country-itubular go'odsf having a superior. hot work- 
ability^nijexhibiti^^ of 
Mdre^thafr1805C comainihg^CO'g.cCl^dpmetlike. '-^ f < mtoq noasmiotenffH Z0 A art ; c tt:,!S>xjrnei s 

[0012] ^The'present invention «is~''as follows:c sv>v'-v;~V3j f, :a -vjiq .so.** sr*j pnnsomsi nans ftns aiomio-fcssq? 

30 v°(;i,J A^cbrtosioh-resistant stainless steel pipe for oil country tubular:go6ds-havirig a^'steel c6mfSositibh:comprising } 
:■ - Ton^amasscbasis.'pTOS*^ or less' of Gf 0-50% or less of Si; '0.20%-tov'1 l .B0% e 6f. Mri;-0.03 or less'of P] 0-005%;oPless 
of S; 14.0% to 1 8.0% of Cr; 's'&foto &.0%-o%N\\ A .5%^a3v5%fOf-M^0l5% to':3:5%tibf Gur0.G5%>tdPless^of Al; 
0.20% or less of V; 0.01% to 0.15% of N; 0.006% or less of O and the balance being Fe and incidental impurities. 
The composiLion satisfies expressions. (1.) and (2): . u ^ ..^ r t 

35 

Cr + 0.65Ni + 0.6Mo + 0.55Cu + 20C > 1 8.5 (1 ) 

. ■ .. W - uOe.O • -'Ji r. . y<* it - >ZZ 0 oM • O 

3i3 .^o„ .. '^ . .Cr^ Mo 3 +, 0.3Si -43.5C -;0.4Mn^,Ni;- A 0.3,Cu- ; 9N-< ,11. , w r - . (2) 

- ^ *o ^where Gr?'Nii Mb"; Cu.'C^Si^Mnpand N represent their respective cdntents^on' ? a mass% basis^t rtc-i.-»»r/ 

(2) A corrosion -resistant stainless steel pipe for oil country tubular goods according to (1 ) in which the f c'6mp*osition 
~ ! < { £ further cdntains^at least bne'elementbf 0:20% or less of Nb-'and 0.30?/o°or : less'of'Ti 4 on a'mass basisri A (tf > 
45 • •""•^J(3VA"cohl)si6n-resis^Kt^rnless^teel pipe for oil country tubular goods according to (1) br (2)1n?:whichnhe'com- 
■ ^positiSh : further cohfairis-M-le^torierelernent selected from the gr6upiconsisting:of^0 i .20% < or less of Zr, r 0.0in% or 
rt\ less^df'B; and 3:0% ""or less of-W on 'amass basis ? f i- --izolr^vz saslr^fw e gnnujoBwn^m tr i bodism A (3t) 
DHh^(4)'A"cbrrbsi6h : resisfant stainle countiytubulargobds^accordingtb-ahy one of (1) fd(3) in'which 

the composition further cohtains?0. 0005%*-to 0:01 % of CabrY a f mass basis.! 4 o !*0 C :S to sa*?! ^02.0 to 
50 (5)^A f stainless : steel pipe for oil country 'tubular goods accbrding to^ any 

includes r 5to 25 percent by-volume of aTesidual austenitic phase'ahd^the balancebeinga rhartensitic 'phase. 
(6) A corrosion-resistant stainless steel pipe for oil country tubular goods according to any one of (1) to (4) and 
whose structure includes 5 to 25 percent by volume of a residual austenitic ; phase? & percent by^volume : or less:6f 
a ferrtte phase 5 and the balance being a martensitic phase. 
55 fino|7)'A methdd for manufacturing"^ for -oil country tubular goods 1 including 

the" steps'ofv forming a- steeh pipVfroitva'steel pipe material having a 'composition; quench ing^the" steel pipe by 
heating the steel pipe to a temperature of the A^ transformation point thereof or more and subsequently cooling 
to room temperature at air-cooling speed or more; and then^tempering the J steel pipe at ?a temperature" of tljeiAg^ 
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transformation point thereof or less. The composition contains, on a mass basis, .0.05% or less.of C; 0.50% or less 
■-■ of Si; 0.20% .to :J .80% of.Mn;-;0.03>on less of P; 0.005% or less o^S; t14:0%'to?18.0%.of.pr; 5.0% to 8.0%,of Ni- 
-.1.5% to. 3.5%; of Mo; 0.5% to;3.5%~of Cu; 0.05% or less of Al; .0.20% .on less- of V; 0:0-1% to 0.15% of N; 0.006% 
/■v. or less of O, and.the balance being Fe and incidental impurities, and the composition satisfies expressions (1) and 

5 (2):->x ■ /.-•*.- • ;c Vr • ^ir^-'-i •• , :i - M >£^2'.« »• cM«*r. f Ct. - -w.?«--.v nlfc.u-f -■•r~ 

j ; - if-., "i-wsi? .• •?:r.'i-i:ij'*. ■ V :«?. - i'lf^t .O'JcuCO'a} '■■) j>\ j. ii :vi .: i-M'.v it: ■.:«!;.*• 

Cr + 0.65NI+ O.6M0 + 0.55Cu + 20C > 18.5.. (1) 

c ••«:'.:: :"!v i >i , Ji'ifij.; -rOi "m";^ r: : i '-. -an^i- — ■ ■" iqi jS'o "s ot ^aiaiWi ^-t'sS^ ' ' "v.-, 

"- * " , Cr + Mo + 0.3Si-43.5C-0.4Mn-Ni-'0.3Cu-9N <11 ^ ' ■ " (2) 

o f <j :♦. •) i ■ -• v ^:o sorn ^ 'rr- »i - " ".-'^ -^fi qnr^ow clco'ewn *o >^->; ::oimc4 ^era srj 

jf- r :.p ? ~/w^ere Gr^Ni^WoAC.u^C, Si, Mnpand.N represent their- respective, contents.-o ■■■A'erMjtun oti^.oj »sn " 
:/p - (8) Aimethodjor.manufacturing.a stainless steel pipe for.oil country L tubu!ar> goods according , to? (7) jn s vyhich ( the 
15 composition further contains at least one element of 0.20% or less of Nb and 0.30% or less;of !Tion a mass basis. 

(9) A method for manufacturing a stainless steel pipe for oil country tubular goods according to (8) in which the 
quenching includes heating to a temperature in the range of 800 to 1100°C and cooling to ropm temperature. at 
air-cooling speed or more, and the tempering is performed at a temperature in the range of 500 to 630°C. 
,50,(1 p) A method ,for; man ufacturing : a stainless steel pipe for oil country tubular goods according to^.anyone of:{7) to 
20 (9) in which:the.;composition further: contains at.least one„element /selected; from the gro.up'cx>nsisting pfi.0;20% or 

-ocless of.-Zr:=0.0t%vorJess ; ofB; and 3:0% ; orJess.of.W oma mass.basisridirtxs yldsra -en ob • <SZ hns e ?^' , S < 2 
(11) A method for manufacturing a stainless steel pipe fonoil country tubularigoods-according to any pne.of T .(7);to 
n ^(10).in which the^composition further contains 0.0005%;to;0.01% of ( Ga;on a : mass 1 basis^ on v. ,votv - r [T rOG] 
r - v(12) Amethod for manufacturing a.corrosion-resistant seamless stainless steel pipe for oil country tubular goods, 
25 , < 0 including the.steps!0f: forming a. steel pipe .from a steel.pipe material having ^composition byjhot working; cooling 
o 1 the steel pipe-to. room temperature at .air-cool in g speed or more } ;Onque.nching^ 

a temperature of the Ac 3 transformation point thereof or more and cooiing;to c rponn i rtemperature;at- airrppo king 
speed or more; and then tempering the steel pipe at a temperature of the. Aei transformation point 'thereof on less;. 
The composition contains, on a mass basis, 0.05% or less of C; 0.50% or less of Si; 0.20% to 1 .80% of Mn; 0.03 
30 pni;ord©BS-.otR; 0.0.05% or^less qfcS;-5l4r.08feto\1 8.0% of Cr; 5.0% to 8vp%iOf Mv, tA:5% Xo ;3.5%:pf Mo;tP.5%:to 3i5% of 
earjiGu; 3 0:Q5% or less^of Al; 0:20%Nordess of V; 0.01 % to 0.1 5% pf N;,0.Q06%,or ; less of Oy;and the^balance being Fe 
A ■ and; incidental impurities^ andithe^composltion satisfies expressions:^ 1) and (2): ;5 c >' -0 8r c? Jo >■ 

Cr + 0.65Ni + 0.6Mo + 0.55Cu+20C> 18.5 (1) 

Cr + Mo + 0.3Si - 43.5C - 0.4Mn - Ni - 0.3Cu - 9N < 1 1 (2) 

40 ,where Cr, Ni, Mo, Cu, C, Si; Wn; and N represent their respective contents on a mass% basis. 

(1 3) A method for manufacturing a seamless stainless steel pipe for oil country tubular goods according to (1 2) in 
which the composition further contains at least one element ; of 0.20% or Jess of Nb and 0,30% prjess of Ti on a 

-:o::.mass basis. 1^dw f " f"of onsb^ooo^ abocr. "" ' r: ■ l - ty: - 'io^ot -zo.iq ieeU zziuvKte rr»P?ai«s"*-n/vwiOo & 

(14) A method for manufacturing a^seamless stainless steel pipe.for.oil country^tubu I artgoods according to. (13) in 
45 - .^whichUhe quenching includes • heating to.a temperature in the:range of BOO torl 100° C and. cooling to room ; tem- 

j / perature at airrcooling speed.pr more; and the tempering is performed at atemperaturejn therange of 500 to 630°C. 

(15) A method for manufacturing a seamless stainless steel pipe for oil country tubular goods.: according^ to any 
*%'!pne of (1.2) to (14) in which the composition further. contains at leastpne element selected from the. group.consisting 

of 020% or less of Zr, 0.01% or less?of B, and 3.0% or less of'W/ion'a mass -basjsoo snnu^ "oiteoamco ^\ 
50 -m: it (ri 6) A method for manufacturing>a'seamless stainless steel pipe fpr pil country. tubulanrgoods y according ,to any 
oneipf ;(1 2) to (1 5) ; in which the i composition further contains .0.0005% to 0.01 %.of .Ca on a mass; basis: uioni 
• ./tis '>) gJ ic Qno vnt: c : Qr»b'0':of5 sboov; . c :-«' i, j"' N Mo ; r oqjg 'oofs %ro«r:i£t£. , nfiJaie.-si*f*otECiioo 1 A (&\ . 
Best'Mode.for Carrying Out the -I nvention<ot-,u^ ' - ^-er-ufcv yd rn^isqcS oi 5 aebuloiii stuloiriis saoriw 

55 [0013] .ni M High:Strength ,, in.the present invention refers to a strength (yield strength: 550 M Ra or more) that conventional 
1 3%-Cr martensitic stainless steel pipesif or oil country tubular, goods.haver and preferably Jo- a yield strength of 654 

MPa or more;osedi.J3-bfV"i s^om^o *''->• ie-ii 'f'tc. • ■■ j >p;-. ! ~A *>rt -o ^tii?fii f4 vn^t ?, .>t *kj^ -o^:^ r .n or.t '^^t 1 
[0014]. ' In -orderrto accomplish; the aboverdescribed objects, the inventors of t he. present, invention have conducted 
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intensive research on the effects of alloying element contents to corrosion resistance in corrosive"environrhents at high 
temperatures in theTange:of more than'IBO^C'to^O^'containirig C0 2 r:C|- } or the likev based 4 6nithe:comp6sitionsbf 
the1mproved-13%-Cr martensitic stainless steel pipesy ■ ^ f mrtr as»,i - 'viir-cs * n\\r* y \ fotinovf* to^cm : 
[0015] -sAs'-a result, it- has been 'found that both *of a favorable'hot workability- and^a-superiorcorrosion' resistance^in 
5 severe, corrosive erivironmerits can:be> ensured by reducing:the : G contenttobe lower than that of the knbwn>13%-Gr 
marfensilic slairiless steels^ahd*adding Suitable amounts bf Ni; Mo, 'and Cu Lo adjusUalloying elemenl'conlents;/ so as 
Lo saLisfy following expressions (1 ) and (2): Z oi A°ci 1 uO 

3t.t-!j-.: L'v'i -o'i :iK-«i'3ici o! teste adJ ■j^j.s.'s'j'; ■ <■ ..mi ev!:.v.fj iq -,rt ap^li^f .O jnernai© oriT ptaOC'J 
;-vivj -jcvor-Lr* ?mi t ?npGfa;£3i gnWcfi^;j •"i ^^cc!- -iso-'Js 3bdtu£ Drit cni"/**:*3ri;"€ vdaiert laete eHi otni noiif^J 

Cr+Mo + 0.3Si-43.5C-0.4Mn-Ni-0.3Cu-9N< 11 « A ; IA (2) 

:j {•'•••: "fj^vijj-.uVr v-°^0 0 "Bni' aiom !o inafi so> ii.'i . -ci&cixoeb \a :oeft*3 or oils £ i&ti !A Jrsnsela *3ti T fT^ffil 
75 ' * 0 "wherein Orf Ni',' Mo, Gu, G;^Si? Mn? and:N represent -their resp'ective r cohtents (mass%)rFurth"ermo'repit- has-been 
found that a high strength of 654 MPa or more in terms of yield strength can be ensured. -^0 0 cf 

[0016] The present invention has been completed based on these findings. -aoi -o of OS 0 V 

[0017] ' The reason ■ why 'the steercompositioris are controlled will now} be" explained ^He rein after,' mass percent is 
ex'pressed'by simpiy^/o.^om io o?S0 0 i\ !ns]rv* 7 -v\ -vjriw rjsfidicxc yldfieoiion ?~e 3?o^fis eeoft 1 "* sons^se! §ni 
20 n iez G: 0.05%-6p'less^ae5 *c os°0<: 0 g< buJ'rni: -s.t ■«* s,-t! yigfiibioaoA i2$rr l .ouc4 ( .:nf aeoufce- t?GS 0 nsnl siom ^ 
[0018] C is an essential element relating to the strength of martensitic stainless steel, but a CC: .content" of 1 mo renhari 
0.05% promotes sensitization at the stage of tempering due to the presence of Ni. In order to prevent the sensitization 
atnhe stage of tempering <*■ the* ^content is 1 limited to 0.05% or 'less?' r in ;the* present invention Kin view r of r corrosion 
resistance? ^it is rpreferable'thatthe^ content be set as lower as possible! Preferably ! "it is'0^03% or less/More^prefefably/ 
25 it'is'set in the range'of 0:01% to 0;03%^ ' • ^ ^nsi erti of bsttni! moJn^o '/I 3H1 ylgnibicopA sxsn ^ 

Si: 0.50% or less ■ ^ ^'-0 0 V. sgn^ ei 4 ; t vldsmts^q siom bnf5 ^cf 0 ol 

[0019] The element Si serves as a deoxidizer, and, preferably, its content is 0.05% or more ircthe'p resent invention. 
However, a contehtof more than 0.50%* reduces the G0 2 corrosion resistance and further ^reduces the hot workability] 
^Accordingly, the Si content "^limited to 0.50% or less^ Preferably^itis^setiri-therrange of 0>f 0?^t6'0.30%.1 ^'dBia'e-q 

[0020]. The element Mn enhances^steel strength; ln^ order to ensure a~strength desired' inUhei present 1 inventiomithe 
Mn' content has' to -bei0i20%^or more/ However^a ^content of ;more tnah>1?.80%. negativelyiaffects&thenoughness^Ac? 
cordingly, the Mn content is limited to the range of 0.20% to 1 .80%. Preferably, it is set" irfthe;range>bf<0.20%:ttf 1C00%! 
More preferablyr iris set-in the -range of:0.20% lo 0.80%- ■a-'i^e *ci\Hc\m iTbns sinemele eri.t dloQ [S€Q0] 
35 v/'lif p; 0.03%-or. less'^^e anT O-'0£3 oj 00c -::p;~t -v • y ^u/^ieamCfJ yi9vii>.i»i s is Qnineqmel yd yldsjh^rnei 

[0021] - THe element P-hegative'ly affects^the C0 2 corrosion resistance, GO^'sfress^orrosioh-crackingHresista^ 
-pitting corrosion resistance^and sulfide stressreorrosion cracking resistance] and it is-preferafale'thatotHe-RJcont'entbe 
reduced- as T low as -possible. however, an'excessive reduction' of P content increases* cost^AccOrdingly, 1 the P^cdnterit 
is limited to 0.03% or less so as to allow industrial production at a low cost and prevent the degradation of C0 2 r cdrrosion 

40 rresistancef-GO^stress-corrosion cracking resistance, pitting corrosionsresistahce^and sulfide stress-corrosion [resist] riu ' 
ance. Preferably, it is set at* 0:02% or-less.c brv c ; *r- '<?.~b 1 -*n ; Cb ') 0 'C to s-i^i io>°OS.O *o gniUift.^-io '-u:^ erli nto^ 
; ^:»<Si : 0.005%" J or-less"5 bebfosedysm m-^rt] to ^no 'sfi^i ■ bnft -sSun^ts 9dr s^-i^on? n.:.f?*j V/ bna 3 rS. [^£0D] 
[0022]' "--The element-S seriously^ reduces hot "workability in manufacture'* of pipes,. and the S'content'is; preferably,-as 
low as possible. A S content of 0f005% or less makes it possible' to 'manufacture;pipes' through : a common process,. 

45 and; therefore;*the S content is limited to 0:005% / br less/ Preferablypitiis'set ; at-0.003%?o'r lessen isr'To rjril f»0 W to ^ 
« OCr: -14.0% : td 18.0% "io o! bei-mtl v [ cr.« ^--.-'Q ; '^;;iqo "S'^rit .yl^nibioooA .^eouhoi ai eaenrigiioi enl W-to 

[0023] The element Cr forms a protective film on the surface of steel to increase'the:cbrrosion- resistahce,fand^par- 
ticularty to increase the-COg cd^rbsionTes^ 

■tion/a-Cr content- of 14.0% o'Frmore^iS'ineGessary from the viewpointvofrihcrea'sihg-the^co'rrdsion resistance af' ; high 
50 temperatures? Howeverfaxontent of more than ^18.0% reduces the hot workability.' - Accordingly, -the' Crconterit-is limited 

to the range' l of'14.0%-to 18.0%yin the present invention. Preferably,' it is set in the range of i T4.5%to'17:5%PQ ?nci^ 
*5 fn Ni':'5.0% to'8:0%:^^isi-iei on\$\n ?^r?s ^aie f ^^nvoo - : OD *eoubet bns .OsO sesaeioni vf^OO ianf 

[0024] The element Ni strengthens the protective film on the surface'bf steeLto enhance>the CQ 2 cdrrosion; resistance 

and C0 2 f stress-cdrrosion ? crackihg^ resistance; pitting^corrosion^^ 
55 sistance. Furthermore, it has the effect of a solid solution strengthening and, accordingly, increases^ steel strength: 

These effects are exhibited when the Ni content is 5.0% or more. However, a content of more than 8.0% reduces the 

stability of the martensitic structure to.decrease. the strength. Accordingly,, the Ni content is limited to the range of 5.0% 

to 8.0%. Preferably, it is set in the range of 5.5% to 7.6%. " ''*'• 
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'•„Vi . Mp:* 1 .5% tO 3.5% jr • r" ■ "i - .- :' • .. - ■• . Vf.:-'--' or * ' -/. r >» 

[0025] ;^The element-Mo enhances the resistance to pitting by CI" f and a content of 1.5% or, more, is necessary in the 
present invention. While a content of less than 1 .5% does not efficiently.! achieve the corrosion resistance in severe, 
corrosive .environments^ high-temperatures ; a content of more than 3.5% causes the formation of S:fernte to reduce 
5 the .hot workability, ;G0 2 corrosion -resistance, 'and C0 2 stress-corrosion cracking resistance and increases-cost-.- Ac- 
cordinglyf'the.Mo; content is, limited. lo .the range of 1 .5% to 3.5%. Preferably,^! is:selinithe range of ,1 .5% to 2'.5%." 

Cu: 0.5% lo 3.5% t$) ens « r ' ?no:r -vo gniw-il'c' >;vA\w o: 

[0026] The element Cu strengthens the protective film on the surface of the steel to prevent from hydrogen-pene- 
tration into the steel, thereby enhancing the sulfide stress-corrosion cracking resistance. This effect is achieved when 
10 the Cu content is 0.5% or more. However, a content of more" th Sn J 3^5%Tal lows 'CuS to precipitate, in grain boundaries 
to reduce the hot workability. Accordingly, the Cu content is limited to the range of 0.5% to 3.5%. Preferably, it is set 
in the range of 0.5% to 2.5%. 



Al: 0.05% or less 



[0027] The element Al has a strong effect of deoxidation, but a content of more than 0.05% negatively affects the 
15 toughness:of;the steeh. 'Accordingly, the Al content is.limited to 0.05%- or less?, Preferably, it is set in the'range of 0.01% 

to 0.03%. 0.i«L.<r,r. *V": - • • . '< -i O'Oi'i O v, ^'tvvb. r. ./f'l.T.) 

V: 0.20% or less v;r\Lr': ■■• * ■. -.r- ' ^ekirnoo .nosd snr* "sotirevr*- 'noas'o *?' r . ^00]- 

[0026]isThe;element V; enhances the. strength of steel and also has the effect of improving the stressrcorrosion; crack- 
ing resistance. These effects are noticeably exhibited when the V content is 0.03% or mo re. ^However, a content of 

20 more than 0.20% reduces the toughness. Accordingly, the V content is limited to 0.20% or less/Preferably, it is set in 
the.range of;0i03%.to:0:08%. !9-/- Rae-lrie"? Jtf. > •• -■ -"ivisi]* irt oi g«ir!ai 'nomdo 'sitae* •.- rz*>.:, [ZtttQ] 
ioitfi iN:=0.01%ito;:0,.\j : 5%aJ ^eb^o -il :'/* 'o 9on^--^.- .* ^ Qnnsofn^i 'o sqsre hi. is i-otjfi-^iisns^ ?o:o^- - -j * a 3G.O 
[0029] ocThe elementN extremely. enhances the pitting corrosion resistance.rThis effect is exhibited when the Nicontent 
is 0:01% or mo re.- However, , a content of more than 0.15% allows the formation of various, nitrides to^reducerttetougjv 

25 ness. Accordingly, the N content is limited to the range of 0.01% to 0.15%. Preferably, it is .set jn-the : range^of^0;.C)3% 
to 0.1 5%, and more preferably in the range of 0.03% to 0.08%. sssf ;?0.c.O ::2 

tain O.:r0.006%<or 3 less * ♦om o 0 si 1rs;r\ ■ ore ^ -iCi::03c ~s sav.-o? '8 inorn^le 3n T [9fG0] 

[0030]^dThe element.OJs present in oxide forms in steel and negatively.affects various characteristics: litis, therefore, 
preferable to-be: reduced'as lowias possible: In particular, an O contenfof: more than 0.006%;seriousry reduces>the 

30 hot workability, C0 2 stress-corrosion cracking resistance, pitting corrosion resistance, sulfide stressrcorrosion cracking x 
resistance ,vand toughness:.Accordingly.rtheiO: content is limited to-0.006% or„less^or * nn« -m !fiem<jte srtT josOO] 
[0031]:^,iln;the,p.resent^inventionyithe above-described basic composition may further contain.at.leastfeitherO?20%:or 
less:of Nb : or / 0.30%:or.less-of-rn , .«5? ?i ;'t - " 6 :< ,°0vC 'o ^rsi err; - r K^rsrr .; ?j - ^j.-'oo >.fv sni vit^i^o'; 

[0032] Both the elements Nb and Ti enhance the slrengLh and the toughness, and particularly, increase the: strengLh 

35 remarkably by tempering at a relatively low temperature in the range of 500 to 630°C. This effectisnoticeably exhibited 
when:the ; Nb l andsfi contents: are;0.02%:or more and 0.01% or more^ respectively. On the other hand, a Nb content of 
more.than 0i20%:and : ar!Fi content of more than 0.30% reduce the toughness:-ln addition ^Ti has the effect of improving 
the stress-corrosion cracking resistance r Accordingly, the Nb content is preferably, limited to 0.20%:or less, anditheTi 
cohtent;:0.30%:onJess^.e n DCib crtj inovyic bna tec" r :o'tout:-otG tF^!-:vfcni wo-lo ct ?e oa 88 oi °F:0 0 boiirrvil ai 

* """" 

40 [0033] ncln the present invention; the above-described composition may further:contain at least one.ejement selected 
from the group consisting of 0.20% or less of Zr, 0.01% or less of B, and 3.0% or; less of W. r oz 8i . .vicJsvs^v^ 
[0034] Zr, B, and W each increases the strength, and at least one of them may be added if necessary; In addition to 
the effect of increasing the strength, Zr, B,'and .W. can improve the stressrcorrosion cracking,resistance : : These ^effects 
are- noticeably-exhibited, when the composition contains 0.01% or more. of Zr, 0.0005%- or more of B, or:.0r.1%.on more 

45 of W. On the other hand;<if the composition:contains more than 0.20% "of <Zr, mdre.than:0.01 % of B,<onmore than 3,0% 
of W, the toughness is reduced. Accordingly, the Zr content is preferably limited to 0.20% or less;/the B content, 0.01 % 
orless; and the;W-content, 3;0%' or less:ni -:o- -r^l r, o <->ii > fjviJo^ifciTq ^ ?rrnol V J Jnan>*le- on < f^'OO] 

[0035];nln the presentjnvention^theicomposition may further contain 0-.Q0QS%<to, 0.0.1%.otG.a.t.oa*s9io^i * i-^ijc.; 
[0036] cThe element Ga forms CaStofixithe; element S and, thus, vto.spheroidize sulfide inclUsions/thereby v 'reducing 

so lattice^ distortion of;the matrixrin.thewicihity of the. inclusions to reduce the-:capability. of trapping hydrogen of the inclu- 
sions advantageously. 4-This effect is achieved when the Ca content is 0.0005% or more: However, "a" content of ^more 
than 0.01% increases CaO, and reduces the C0 2 corrosion resistance and pitting resistance\OAccor.dingly,vthe Ca 
content-iS!preferably r JimiteditO"the range of 0.0005% to 0.01 %:ni;t ovnooiac srj anaHtpriQ^a >V tnern^io * r ;&S00] 
[0037] i^ln addition.to the. above>described .requirements, the each;element:content have. to satisfyjol lowing expres- 

55 sions (1) and (2):»?boiop : vltsntbioosB .bns rtfi ^'o* ' •> "oH< iha ^iio^ ^ »o 1o*aTi3 -art* *.\ .vc r ^3o>:j oc-vefa r ^ 

• Cr+0.65Ni + 0.6Mo + 0.55Cu-20C^ 18.5 .(1) 
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..Cr. l +Mo.+,0.3Si-43.5a-04Mn-NLr.0.3Cu-9NSl.1. ri „ v , ., - „. f „, (2) 

..-.■rvtJu- - :r ' ■*•.;'•* -m : \ flF'- 1 . S-:?. ■ • i- 'j. 'O'Tmc vVitW * '.: ' *t ■ 1 ' ;nr-uu? f ■ 3: . * *v 

wherein~Cr, Ni, Mb, Cu, C;Si, Mn^and N represent their respective "contents *'"'•".•» - "^..'Siiair: u: 'o m^o^t: 
[0038] By adjusting the Cr, Ni, Mo, Cu, and C contents so as to satisfy expression (1), the corrosion resistance in 
environments al high temperatures up lo 230°C including C0 2 or Ch is remarkably increased. Also, by adjusting (he 
Cr, Mo. Si, C, Mn, Ni, Cu, and N conLents so as to salisfy expression (2), the hoi workabilily is enhanced. In the present 
invention, P, S, and O contents are; significantly reduced in order to^enhance the } hot workability:* However, reducing 
the P, S, and O contents is not enough to ensure a hot workability sufficient to produce seamless martensitic stainless 
steel pipes. In order to ensure a hot workability sufficient to make seamless martensitic stainless steel" pipes?- It"- is 
important to extremely reduce the P. S, and O contents, and besides to adjust the Cr : Mo, Si, C, Mn, Ni, Cu, and N 

^contents so as to satisfy expression (2)". ■» '■' T-* iJ-^vri r?r .* :.c »n\s -fc"^A 

>[0039]}vThe balance of v the:foregoing elements is Fe and incidentalimpurities'>v!nr 3 i j L 315.7 ;rjr>ni vH" y\ '-j>i 
[0040] Preferably, the steelpipe of the present invention has. a structure comprising 5% to 25%-'of residuaDaUstenite 

r phase*on a volume basis and the balance being a martensite phase .'Alternatively,' the steel pipe of the present invention 
has a structure comprising 5% to 25% of residual austenite phase; 5% o rJ ess- of fenite r phase f r aWd the' balance' 1 being 

~a martensite phase'on a volume. basis : : w '^06i a ; ■ -~3«o s omj tuo ssw 9cic leer-: saelmsea <mu [£GG0] 

[0041] '^Although the structure of' the steel pipe of the present invention is essentially composed of the 'martensite 
< phase; the martensite.phaser preferably, contains 5% to 25%;of a residual austenite'phase, onfurther contains 5% or 
iless'fofra ferrite phase; c ori-aivolume r basis.o sr^' - : ;. T-oa w^rrnotefisni > 0 A aii >o ?iu?Riea. r< •- n tf» bermcbsq 
[0042] s^By allowing-SperceritJby'volume oTmore of residual austenite phaseto be presentpa high-toughness- cahbe 
achieved. However, more than 25ipercent by- volume of residual austenite phase v reduces'the streno^h^A'ccbrdingly^it 
^preferable that the percehtage-bf the Residual austenite- phase is set -htth Grange' of 5 5 46 25p'ercent«bV 1 volume1Qh 
additionpin order to enhanced corrosion resistance, it is preferable-thaf5'percent;by v6lume"orless bf;ferrite r phase 
is allowed to be present. However, more than 5 percent by volume of ferrite phase remarkably reduces theihofcwork- 
eabilityr- Accordingly,- it is* preferable 'that. the percentage of the ferrite phase is'set at:5:percent by^voiUme^oTlesslSOO] 
[0043]5»cA method for manufacturing the'steel pipe of the present invention will now be^described taking a 1 seamless 
steel pipe as an^example^^'-Boitinr^m 3 to «ol- - To *o. ori-is^oooo sn"j tosrio ol osvisadc ?.sw *mi eft 

[0044] First, it is preferable that a molten steel having the above-described composition' be melted' by*a=cShveWtlonal 
steel making process using a converter, an electric furnace, a vacuum melting furnace, or the like, and then formed 
into a steel pipe material, such as. a billet by a conventional method, such as continuous casting or ingot making- 
slabbing. Then, the steel pipe material is heated and subjected to hot working to make a pipe by a common manufac- 
turing process, such as that of Mannesmann-plug mill or Mannesmann-mandrel mill. Thus a seamless steel pipe with 
a desired size is yielded. After pipe making, the resulting seamless steel pipe is preferably cooled to room temperature 
at air-cooling speed or more. 

[0045] The seamless steel pipe having the above-described steel composition can be given a structure mainly com- 
posed of a martensite phase by cooling at air-cooling speed or more after hot working. After the cooling at air-cooling 
speed or more, preferably, quenching is performed in which the steel pipe is heated again to a temperature of the A C3 
transformation point or more and cooled to room temperature at air-cooling speed or more. Thus, the martensitic 
structure can be refined and the toughness of the steel can be increased. 

[0046] Preferably, the quenched seamless steel pipe is subjected to tempering by being heated to a temperature of 
the A C1 transformation point or less. By heating to a temperature of the A C1 transformation point or less, preferably to 
400° C or more, for tempering, the resultant structure comprises a tempered martensite phase, further comprises a 
residual austenite phase, or still further comprises a small amount of ferrite phase in some cases. Thus, the resulting, 
seamless steel pipe exhibits a desired strength, a desired toughness, and a desired, superior corrosion resistance. 
[0047] Only tempering may be performed without quenching. 

[0048] The description above illustrates a steel pipe of the present invention taking the seamless steel pipe as an 
example, but the present invention is not limited to this form. A steel pipe material having the composition within the 
scope of the present invention may result in an electric welded steel pipe or a UOE steel pipe used as a steel pipe for 
oil country tubular goods through a conventional process. However, for the electric welded steel tube and UOE steel 
pipe, it is preferable that, after pipe making, the pipe is quenched by heating the pipe again to a tempecature of the 
Acs transformation point or more and cooling to room temperature at air-cooling speed or more, and is subsequently 
tempered at a temperature of the A C1 transformation point or less. 

[0049] In the case of a steel pipe having a composition containing at least one element of Nb and Ti, quenching 
includes heating to a temperature of 800 to 1100°C, and cooling to room temperature at air-cooling speed or more. 
Also, tempering is preferably performed at a temperature in the range of 500 to 630°C. By subjecting the steel pipe 
having the composition containing at least one element of Nb and Ti to these quenching and tempering, a sufficient 
amount of fine precipitates can occurto achieve a high strength of 654 MPa or more in terms of yield strength. 
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[0050] A quenching temperature of less than 800°C does not sufficiently achieve the effect of tempering to provide 
a 'desired strength. On the other haricl; a quenching temperature of morethah 1 1 00°C coarsens the crystal grains to 
reduce the toughness of the steel. While a tempering temperature of less than 500°C does not pricipitate a sufficient 
amount of precipitations, a tempering temperature of more than : 630°C remarkably reduces the strength of the steel. 

(Examples); ... qop.-^w-. {.( r : ;• Wi: «v- ...{:•■■_. * f i„ t •.. 



1^1 



[0Q51J:-' The present, invention . will be further described in detail.with reference to Examples. : br-- 
■jsa'nifite -•to'-aiinir' -..tjimb^ 3Gut^-Q ot 'noi.' i;-... - 'i' :.-r« w:v* ;cd s s'.ijfcrn or '■irx-orr- on & 3 f r<,ne ' C ens £ r i ^i; 
^(Example, 1 ^T.'niff's -..S^ior r.ti • r«*T-f;««- ..». ^ ; • '.*;t-u2 yiiMdfiyiow :<zr 6 ?iueno DJ'-'oLrco ,ti ssg^ too : r. 



/' tfrtfc. JO :>A 



[0052] After degassing, each molten steel having a composition shown in Table :1 was; cast 1 into a;steel ingot of 100 
kgf (980 N). The ingot was subjected to:hot working to make a pipe; with amodeLseamless? rolling mill, followed byJair 
cooling :to.-.yield:a seamless steed pipe; with an. outer diameter, of -3.3 incby a thicknesscof;0;5 in:1 Aob^w^ [0^00] 
[00.53] The hot workability. was evaluated by> visually observing.the presence of cracks- imthe internal -and external 
surfaces ofvthe .resulting seamless steel pipe as air-cooled after pipe making, or <:v r { nw.wr.n w.ruKz - »tir 
[0054] The seamless steel pipe was cut into a test piece. The test piece wassheated.at 920?.C:for 1 hour and then 
water-cooled.: Thetest piece was further subjected to tempering* at 600? C for, 30 minutes*. Jt was ensured that quenching 
was?performed on-each samplesat <a temperature of Its transformation/ point -or: more; and -that ^tempering? was 
performed at a temperature of its A C1 transformation point or less. The quench-tempered test piece, was' machined 
intOfa ; corrosion;test piece, ofsS mmjini thickness by 30 mm in width/by:40; mrn:in length ,.fol lowed by a corrosion test. 
Sorne.;of:the:steejfpipe samples .were subjected to only tempering without quenching. ^r<* voro ^v^wo^ te^-on 
[0055] ic^ln.the corrosion test, the test piece was immersed ina test solution being-20% NaGI aqueous solution placed 
in an autoclave (solution temperature: 230!C , C0 2 gas atmosphere at a pressure of 1 00 atmospheres);and was allowed 
•to keep forr2 weeks; * /te>Ps;T;«'. ^^fvrirj CM-r' 1 ; .. , nos'eij r ^.w " r^ss^a 3d v bswotiR zi 

[0056]g $ The test <piece afterthe:corrosion test was weighed, and thecorrosion rate was obtained.from the~difference 



siweiym uni 

the test was observed to check for the occurrence of pitting with a loupe of a magnification =cfa10, times .sr eq\q tes?a 
[0057]3v/The : rcsults l are shown in Table 2o 

OSiTHOt nerij CPS ^tlT'O OCK.TIiJl ynilS-T- • 

- >ftfurw>m noronux* ^ w^- iiij ft. S>l6n« of P> ! : 



- • 



x o ^iii'snacf.Tf?? e* C! b9t«f)W cnle^ pr -to :arj • 

^ 2*r spfino^ "orv^w' "^P^ro " ' b^'.^^i-- 

onitiuv.:'^ " ,H ' -:ur" r ^a.^ ^r%^ •.^finrr ?vp ir- ' 
A .itis*<tH-* " Oi-i'- co nous h--.--.-^h : - hr- 



-r 1 



i - * * » * 



. ^ * *o -y a iGno^n*^ r p.bc*:c n" ii j;uT '^nivJi :! c 

••; •*"•)".: erpq e*tl .O'-iMfi^ ?qia v^'-s snt <3-!d6i -v* : is H 50jq 
^ • . -■ .: -^cti 01 c:t»i':'G0 t is i^o 1 ",; 10 : nioo fwiiisrrric.'c 
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[0058] Each example of the presejit inyentjon. exhibited. jniA.PCpyjTPI^e^^cracteJn the steel pipe surfaces, a low 
corrosion rate, and no occurrencepf pitting.; He nee, it has been shown th'ayhe^stee^ pipes of these examples have a 
superior hot workability and a supenorboiTpsjan resistance in a setferef corrosive environment at a high temperature 
of 230°C containing C0 2 . in contrast; j comparative examples outsjdeithe^scope of the present invention exhibited 
occurrence of cracks, thus showing a reduced hot workability! or exhibited a high corrosion rate, thus showing a reduced 



corrosion resisLance. In particular, there, were surface Haws in *lhe sleel pipes ,6 r comparative examples not satisfying 
expression (2) due to a reduced hoi workability. 

r 1 ' \ 



(Example 2) 
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[0059] After sufficient degassing, each .molten steel, haying a composition shown in Table 3 was cast into a steel 
ingot of 1 00 kgf (980 N). The ingot^as^ormeblnto a seamless steel j3ipe,witKah Jouter diameter of 3.3 in. by a thickness 
of 0.5 in. with a model seamless rolling mill, j ^ : " 1 Y: j " •! w ' ~" j ~* j "* ! 'jj 

[0060] After the pipe making, ,the hot worlcability was eyalu'atecLby- visually- observing the presence of cracks in the 
internal and external surfaces of the resulting seam less steel p'ipe.:: ; [ j i ' ! 

[0061] The seamless steel pipe was^cutjnto a test piece .-The^test piece was subjected to quenching and tempering 
under the conditions shown in Table 4: An ark-shaped API tensile test piece was taken from the quench-tempered test 
piece and subjected to a tensile test-for the tensile properties (yield strength-Y-S, -tensile strength TS). Also, a corrosion- 
test piece of 3 mm in thickness byr30 mm In width by 40 mm in length |was taken from the foregoing quench -tempered 
test piece by machining, and wa^sj^jecte'dlto a .cprrpsioMest;^ ! ° j ^' j Li ! 

[0062] In the corrosion test, the testpiece was immersed in: atest^splution being 20%| NaCI aqueous solution placed 
in an autoclave (solution temperature ^230^0, C0 2 gas' atmbspherefat a^jbressurgof^O atmospheres) and was allowed 
to keep for 2 weeks. - ' ~ —Z^'Z^f IT^H I 

[00631 The test piece after the corrosion:test was weighed, and the coYrosioncrate was obtained from the difference 
between the weiqht of the corrosion; test piece:before the test and that afterihectest.The surface of the corrosion test 
piece after the test was observed ~to effecfipfor the occii rrence \ of .pitting with a loupe °f a; magnification of 1 0 times. The 
results are shown in Table 4. 
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[0064] " Each example of the present invention- exhibited no occurrence- of cracks in the steel pipe surfaces, a low 
corrosion .rate, and occurrence of pitting. Hence, it was shown that the steel pipes of these examples had a superior 
hot workability and aTs'uperior c6"rrdsion>eiistahce in a severe? corrosive environment at a high temperature of 230°C 
containing C0 2 ?ln contrast; comparatiye:exarnples outside the scope; of the present invention exhibited occurrence 
of cracks, thus showing a reduced hot workability, or exhibited a high corrosion rate; thus showing a reduced corrosion 
resislajiceJyVhen the manufaclure^pndiUoris were outside the preferred ranges as sel forth in the present invention, 

the strength was. reduced and, accordingly, a high yield strength of 654 Mga' or more, was not achieved. 

o 5 ' 3 i w j n I 6 c i - u '■* , i. ' '."'I o ' o 1 ^ I , ' V J I 

(Example 3) 



? • 1 ?*S ' 

, i i 



• 0} I o 



J. 

w 
'j} 



[0065] After sufficient degassing, each molten steel having a- composition shown in Table 5 was cast into a steel 
inqot of 1 00 keif (980.N). Thejngot was formed into a seamless'steel pipe with an outer diameter of,3:3 in. by a thickness 
of 0.5 in. with a.modeljSeamless rolling miji.i - , • Ci I x I o ! o ! o 1 o i o » 7; g i •= , 

[0066] The hot workability was evaluated by visually observing the presence of cracks in thejinternal and;extemal 

surfaces. of the. resulting seamless steel-pipe, as in Example 1.~ L Ji . - > — J — ..^i j 1 ...j 

[0067] The seamless steel pipe was cut into a test piece. The test piece was subjected to quenching and tempering 
under the conditions shown;in Table 6. It was ensured/that quenching was performed on ^each sample at a temperature 
of its A53 transformation point or more, arid that tempering was performed at k temperature of its A C1 transformation 
point or less: A structure observation test piece was taken from the quench -tempered test piece. The structure obser- 
vatio n test pie ce wa s etched by aq uaj regia^Th e^resu i Itin g structure was obser ved wit h a scanning electron microscope 
(1 000 times), and the percentage of the ferrite phase (percent by volume) was computed with an image analysissystem. 
The p ! efcentage / bf the! residual austenite phase was determined by X-7ay diffraction. : 2 \ * I i?\ 5. j 
[0068] " An Vrk^shaped API tensile test piece was taken from trfe quench-teinpered test piece and subjected to a 
tensile_testJorJheJensile.propertiesL(yield.strength„YS, tensile^ strength_TS),. as. in. ExampleJ ._ Also, a V-riotch test 
piece: (thickness: 5 mm) was,takei> from the quench-tempered, test piece, in accordance with JIS Z 22Q2^and the 
CharpyCimpact test was performed^bh thelV-notch test piece tb deferroine the absorption energy vE^o (J) at ri 40°C in 
accordance with JIS Z 2242. ° 1 < 1 it. 

[0069] — Furthermore, a corrosion-testpiece of 3 mm in thickness-by-30 mm in width by40-mm. in. length was taken 
from the foregoing quench-tempered' test piece by machining, and was subjected to a corrosion test, as in Example 2. 
[0070] 5, In the corrcTsion test, the test piece was immersed in a test solution, bejhg 20% jslaCi, aqueous solution placed 
in an autoclave (solution temperature: 230°C, C0 2 gas atmosphere at a pressure of 30 atmospheres) and was:ailowed 

to keep f or 2-weeks;— ! ; — '-*- - -■■ l * — H — 1 ^ m *~ |. Jf 

[0071] The test piece after the corrosion test was weighed, and the corrosion rate was obtained ,from the difference 
between the weight of the test piece before the test and LhaL after the lest. The surface of the^corrosion test piece alter 
the test was obseryed.to check for the occurrence of pitting with a loupe, of a magnification of . 1 0 times. 
[0072]--.The.results-are-shown.in Table-6 . ..j — * — ■ 
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[0073]'- : £adh : 'Vxfi^ple^6f tHe^|pi&eht invention exhibited no* occurrence 'of cracks !i ih the -steel pipe surfaces, a low 
corrosion "rate; 'and no occurrence of pitting; rfence it-was shown that steel pipes~of these examples had "a superior hot 

workability. In addition, their structure containing 5 to 25 percent by volume of residual austenite phase, or further 
" containing 5 percent by volume r dr less^of ferrite phase leads to'a : supenor'corrbsidn Yesistance in a'seveVe? corrosive 

- environment at a high"tempe>afure , '6f'230°C containing C0 2 . Furthermore, the' strength is as high as 654 MPa'df' more 
in terms or yield strength YS and the loughriess'is 'as-high as 60'3 or more in : terms of absorbed ehergy<at-'40°C. 
[0074] In contrast, comparative examples outside the scope or the present invention exhibited occurrence of cracks, 

- thus showing a 'reduced riot workability- 6? (exhibited a high corrosion Vate, thus^showing a reduced corrosion-resistance. 

1 When the-manufacture condition^ were*outside the preferred^ ranges as-set forth in tH'e'present invention; the^strength 

'was decreased and /accordingly, a high c y}elcl "strength of 654 MPa'bKmprewas-not-ach .:^q ist.»e oril 

>r»rm7 . -asp: » ■■■'■iRt-'nnef s Jh «.Qr?. I^sm •■• ■•vr*" ^V-ru- atam b^ana pniJooo ■: -s a o^teioqrr.-ji 

Industrial Applicability * J * V - ^ 1: ' "' " :a ' J ' ' "' 0:: 1 ■ *■ -"''-"I '(-'on • n-tf.ni 
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[0075] According to the present invention, a high-strength martensitic stain less steel pipe for oircountry tubular goods 
15 can be manufactured at a low cost with stability which has a sufficient corrosion resistance 1 in severe, corrosive envi- 
ronments at high temperatures containing C0 2 or Cr or which has a high toughness in addition* to such- a sufficient 
corrosion resistance, thus producing particularly advantageous industrial effects. 



20 Claims 
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1 . A corrosion-resistant stainless steel pipe for oil country tubular goods having a steel composition comprising on a 



mass basis: 



■i J - 



* .... » 



0.05% or less of C; 
0.50% or less of Si; 
• r '0.20% to f :80% T 6f Mh; ; < • - : ^ ir ' 
0.03 or less of P; 
0.005% or less of S; . 
14.0% to 18.0% of Crf 
5.0% to 8.0% of Ni; 
1 .5% to 3.5% of Mp;., M<? 
0.5% to 3.5% of Cu; " 
0.05% or less of Al; 
' d.20% r orres¥6f V;« tn ** n: 0 * • '* * 

0,01% to 0.15% of N; 
jr 0.00B%'b?les^bf'G?ahd i "^ ) 9 "^udn " 
'"the balaWe-ISeirig Fe^aricl incidental "irripuritiesV' * 

wherein the composition satisfies expressions (1) and (2): 

3,-i* 1*91 9 rfw S nislO of pn<biooofi "Loop nstudu? ✓ ;o iio :■>'! 'sols :-2*;'- ,i i^i« & pn«*!i.»i j^'jnF-in > t>cH.'em ^ 3 

h o^utei^arrst rnoci o) ? nil coo tv : O J Q0*r .'** '. o ■ *-« i -;;^-^a^^ J °- :- rt: !9'^ 3-~o», i > Tfir'r.rt^tjg 



<r 0 ^ oM ' 



.1 «"Xf • ■ . - • 4 " 



^ « , * » 
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o - A-i.^r vn-rf} :-Cr+,MoTf0.3Si -43.5C.-t 0.4Mnr r Ni t %0.3Cu- ; 9N ( < .1). inn -. » ^.o^/, j (2), 

where Cr, Ni, Mo, Cu, C, Si, Mn, and N represent the respective contents thereof on a mass% basis. 

" 2fnislO r o i sno vns oJ pnib*oooe afconp "isisidur Mt'Mcr -j "J -%na loots aseinin*?, r, ^ : : n * j ton *un fs.t? ^c-i bctiom ^ .ft 

2. A stainless steel pipe f or oil country-tubular goods accSfdfng 

at least one element selected from the group consisting of 0.20% or less of Nb and 0.30% or less of Ti on a mass 
-<~'0'.- basis? ^ 5ur ' lj; Cfr-iQ' • "Ot ^oic foeiQ t \' - r -fa*.'** ■■ ■■T.-tijis-.o'-ncijoToo r j r-« ii-elu^birnoHipHitKn A .^r 
.o -.fo.'.n pn»^ovi "''ri "c! r, '".r ;.-;-o^'{^or? e cnivpr J loni, j *r' r nc :•• « r/, o^ sale li ts. s ;»nii -^ot ?.q--m srij gn^no 




* - j 1 



4. A stainless steel pipe for oil country tubular goods according to any one of Claims 1 to 3, wherein the composition 
further comprises 0.0005% to 0.01 % "of Ca on a mass basis. : 0 - ' r " • " 4 ° n 
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5, A stainless steelpipe for oil.country.tubular goods according to any, one of Claims 1 to 4 >: wherein the structure 
^ .thereof includes 5, to 25 percent by. volume of a residual austenite phase and the balance being a rnartensite phase. 

6. ^ A stainless steel pipe for oil country tubular goods according to any one of Claims 1 : to 4, wherein -the, structure 
^ .,-thereof.lncludesj'pn a volume. basis,.5 to 25 percent by volume of a residual austenite phase, 5 percent by. volume 

or less of a fecril^phase*, and the, balance being a martensile .phase. r, } . i ■■■ ,., r .-,,; r; : ;<3: .. : - : , n rv 



Tr.ftA method for .rjianjjf actum stainless steel. pipe for; oil.cp.untiv.tubular gqods^ comprising the 

i L .i steps of: forming a steel pipe from : a steel pipe material hayings composition; quenching the steel-pipe by heating 
the steel pipe to a temperature.of.the ,A C3 transformation point thereqf % or more and ^subsequently.cppljng^p room 
temperature at air-cooling speed or more; and then tempering the steel pipe at a temperature of the A C1 transfor- 
mation point thereof or less, wherein the composition comprises on a mass basis: , .-nrj; . \\c . 1 



:\t<-r ..»iQ.50% -pr less 'Of Si;^^o : ., r,va ( <• - 



> " .' , "' >c -\.\ ■• v-.l ■-; ' ^ -.-mi 



Of «» -. » 



0.20%.to.1-.80%.of Mn; 
0.03 or less of P; 



I;.*"*', 



.' ■ ' uj';w' 



0.005% or less of S; 
14.0% to 18.0% of Cr; . 
5.0% to 8.0% of Ni; 
1.5% to 3.5% of Mo: 
-r :r i^ 0v5% tO[3.5% of Cufe^, u r.rJ-.-^p ■ 



0.05% or less of Al; 
0.20% or less of V; 
0.01% to 0.15% of N; 

0.006% or less of O, and v> . 

the balance being Fe and incidental impurities, wherein the composition satisfies expressions (1) and (2): 



Cr + 0.65Ni + O.6M0 + 0.55Cu + 20C > 1 8.5 



(1); 



1 j 



, 1 J 



Cr+Mo + 0.3Si-43.5C-0.4Mn-Ni-0.3Cu-9N<1f 0 ' 1 (2), 

where Cr, Ni, Mo, Cu, C, Si, Mn, and N represent the respective contents thereof on, a mass.% basis. 

8. A method for manufacturing a stainless steel pipe for oil country tubular goods. accprding r to Claim 7;. wherein the 
composition further comprises at least one element of 0.20% or less of Nb and,0.30% or less of Ti on a mass basis. 



9. A method for manufacturing a stainless steel pipe for oil country tubular goods according to Claim 8, wherein the 
quenching includes heating to a temperature in the range of 800 to 1100°C and cooling to room temperature at 
air-cooling speed or more, and the tempering is performed at a temperature in the range of 500 to 630°C. 

10. A method for manufacturing a stainless steel pipe for oil country tubular goods according to any one of Claims 7 
si to 9, wherein the composition further comprises" at least one elemenf'selected from the group consisting of 0.20% 

or less of Zr, 0.01 % or less of B, and 3.0% or less of W on a mass basis. 

11 . A method for manufacturing a stainless steel pipe for oil country tubular goods according to any one of Claims 7 
•j to-1 0,«wherein:the:cpmpos'rtion}further comprises. 0.0005%. to Q;01.^ of } Ca.onja mass basiSi asoiri.^ A .a 

12. A method for manufacturing a corrosion-resistant seamless stainless steel pipe for oil country tubular goods, com- 
prising the steps of: forming a steel pipe from a steel pipe material having a composition by hot working; cooling 

ori^tthe^steel pipe ; to r room temperature at air r coo ling. speed or more, or, quenching, the steel Ripe.by further t .heating^to 
.•ih a temperature :of; the A^^r^nsformation point thereof or .mpre.an.d^cppyng tp-^rppm > temperature^ at air cooking 

speed or more; and then tempering the steel pipe at a temperature of the Aci^ransformatipn point thereof or less, 

wherein the composition comprises on a mass basis: 
*Mi'-.,fjiir -v: -si; ■• i ■ 'r*-«rjO \ ■ " " • f .-"'.'C:; n \ ; ^ ,M •• ji" ■'•»••. -« 

0.05% or less of C; *>■)'.. ~.,V-' -tr.,-.. ,r .< 
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0.50% or less of Si; 

_0.20% to 1.80%.of.Mn;.~ 

0.03 or less of P; * 
0.005%.orless oPSr ■ 
14.0%to*18.0%ofCr;— ' 
5.0% to 8.0% of Ni; 
1.5% to 3.5% of Mo; 
0.5% to 3.5% of Cu; 
0.05% or less of Al; 
" O20% oHess of V; ~ 
OXfi % to a T 5% of N 
0.006% or less of O, and 



■ .rr "... /•«.!. i"' i u.-ow:e:v .o 



— , 



1 the balance being Fe and Incidental Impurities, and wherein the composition satisfies expressions (1 ) and (2): 



,Cr*.Q I 65^i > +j0.6Mp ; +^.55pU + 20C > 1 8,5 o:s „... :t _. V ., ,,, 



I- 



:»1 4r ■^.a , * k S*t»~ k o matt v .huu i'j:-; ii :au,.*J ■fcr-':v 1 .'rirru'rrrrr rr» <t3 ^-irrufc \.*>"ffr 

Cr '+ Mo + 0.3Si - 43.5C - 0.4Mn - Ni - 0.3Cu - 9N < 1 1 



i 



(1); 



(2), 



^ where Cr, Ni, Mo, Cu, C, Si, Mn, and N represen t the resp^tiyej^ntejUsJ^^ on a mass% basis. 

13. A^meto]^ 12, 

wherein Jhe composition .further. comprises.at least.one.element.of.0.20%.orJess.of.Nb and 0.30% or less of Ti on 
a'mass basis/ . ■ ' ^ £ « J l^ f \. 4 ^o*-soos ^ " V 1 

14. A method for manufacturing a seamless stainless steel pipe for oil country -tubular gopji^according to Claim 13, 
wherein the quenching includes heating to a temperature in the range of 800 to 1100°C and cooling to room 
temperature at air-cooling speed or-mbre.Wd the tempi ring ispertormed af alemperature^in trie range of 500 to 
63D°C. < ^ - '°' Jd ! 

15. Ajmethod for manufacturing a seamless stainless steel pipe for oil country tubular gqgds-according to any one of 
Claims 1 2 to 1 4, wherein the composition further comprises at least one element selected from the group consisting 
of 0.20% or less of Zr, 0.01% or less of B, and 3.0% or less of W on a mass basis. 



i 

16. A method for manufacturing a seamless stainless steel pipe for oil country tubular goods according to any one of 
Claims 1 2 to 1 5, wherein the composition further comprises 0.0005% to 0.01 % of Ca on a mass basis. 
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